The foliar application of micro-and macronutrients is often practiced by farmers to improve yield and seed physiological potential. For calcium and molybdenum, positive results have been observed, even in soils with high nutrient content. The purpose of this study was to assess the effects of foliar applications of calcium and molybdenum on yield and seed physiological potential in common bean plants. A randomized block design was implemented, with the treatments fixed in a factorial scheme: two molybdenum rates (with or without) and four calcium rates, with four replications. The calcium rates applied on the leaves were 0, 150, 300 and 600 g•ha −1 for the first year of the investigation (2005) and 0, 300, 600 and 900 g•ha −1 for the second year (2006). In both years, the molybdenum rates applied on the leaves were 0 g•ha −1 (without) and 75 g•ha −1 (with). The results showed that the foliar calcium application, with or without molybdenum, did not improve yield. Foliar application of calcium alone improved seed physiological potential in common bean plants when applied at the full bloom stage.
Introduction
The common bean is a very important crop in Brazil because it is the main source of protein for poor people and has the advantage of being easily cultivated under different seasonal conditions. For these reasons, numerous studies have been conducted on various aspects of common bean cultivation, such as genetics [1] , pathology [2] and plant nutrition [3] .
The application of nutrients to the leaves (foliar application) of various crops is a practice that is now commonly used by farmers to supplement fertilizer in the soil; however, this practice is often not substantiated by research data. Thus, continued studies on the subject are justified, particularly because foliar applications are easy to implement and are relatively inexpensive, especially if foliar fertilizer sprays are combined with pesticide applications [4] .
Calcium is a necessary plant nutrient that originates in igneous rocks. It is also a component of minerals such as dolomite, calcite, apatite, anorthite, and amphiboles that occur in sedimentary and metamorphic rocks. In soils of humid climates, these minerals are intemperized; additionally, part of the calcium is lost to leaching, and the rest is either adsorbed to soil colloids or trapped in biomass. Under high pH conditions, calcium can become insoluble. Plant requirements for calcium are not very high, mainly because soils that contain low levels of calcium are very acidic [5] .
Some studies have demonstrated that foliar applications of calcium, either on its own or combined with other mineral nutrients, can be beneficial, increasing yield, the seed physiological potential or both, even in soil with adequate levels of this nutrient [6] [7] . Additionally, the foliar application of calcium at the full bloom stage has been justified in seed production systems because the seeds have been of higher quality than seed produced without a foliar application of calcium [8] [9] .
Molybdenum is a component of two enzymes, both of which are important for nitrogen metabolism: nitrogenase, which is essential for N 2 fixing in the root system, and nitrate reductase, which is indispensable for the use of nitrates adsorbed by the common bean plant [5] . Molybdenum deficiency can be a problem because it can cause alterations in developing flowers and reduce pollen grain development [10] . It is important for plants in seed production systems to have sufficient molybdenum because the poor pollinization that is associated with molybdenum deficiency may result in lower yield due to lower fertilization rates. Some studies have shown that the yield obtained from plants that have had foliar applications of molybdenum is higher than plants that have not [11] . Since, foliar application of molybdenum has been shown to efficiently increase the seed molybdenum content; however, no improvement has been observed for seed germination and vigor [12] [13] .
Seeds of good quality are a requirement for any competitive agricultural system, and thus, techniques that improve the seed yield and quality should be studied. Therefore, the purpose of the present study was to assess the relationship between foliar applications of calcium and molybdenum on common bean plants and the yield and seed physiological potential of treated plants.
Material and Methods
The study was carried out in Selvíria city, in Mato Grosso do Sul State, Brazil, under conventional spray irrigation conditions during the "irrigation season" (May) in 2005 and 2006 (20˚20'S; 51˚24'W). The local altitude is 335 m above sea level with a mean annual precipitation of 1370 mL, a mean annual temperature of 23˚C and a mean air relative humidity ranging from 70% to 80% yearly. The data about the weather changes during the period of the experiment is in Figure 1 . The soil in the experimental area was classified as "TypicAcrustoxOxisol" [14] , corresponding to a "LatossoloVermelhodistrófico", according to the Brazilian Soil Classification System [15] . The results of a soil chemical analysis at a depth of 0 -0.20 m were as follows: organic matter = 10%, P resin = 9 mg/L; pH (CaCl 2 ) = 5.6; K, Ca, Mg, H + Al and cation-exchange capacity = 0.2, 2.1, 1.6, 2.5 and 6.4 cmol/dm 3 , respectively; bases saturation = 61%. Seedbed preparation consisted of one plowing followed by double harrowing; the first harrowing was performed after plowing and the second harrowing before sowing, with an aim to leave the soil completely without weeds. The common bean cultivar Pérola (developed at EMBRAPA/CNPAF) was sown at 15 seeds per meter; the goal was to achieve a density of 12 seeds/m spaced with 50 cm between rows to reach a final population of 240,000 plants ha days after emergence, at the V 4-4 stage (i.e., the first four nodes having trifoliate leaves on the main stem). Weeds were controlled by hoe at the V 4-3 stage, first three nodes on the main stem with trifoliate leaves [16] . For preventive pest control the pesticides methamidophos, triazophos + deltamethrin and chlorpyrifos were applied at 300 g a.i./ha, 262.5 + 7.5 g a.i./ha, and 480 g a.i./ha, respectively. Fungal diseases were controlled by the preventive application of mancozeb at the rate of 1600 g a.i./ha. Water was provided by conventional spray irrigation every three days or according the evapotranspiration of the area. The treatments were applied when the common bean plants reached the R 6 stage (full bloom).
A completely randomized blocks design (CRBD) was implemented, with treatments fixed in a factorial scheme: two molybdenum rates and four calcium rates, with four replications. The calcium rates applied to the leaves were 0, 150, 300 and 600 g•ha −1 for the first year of the investigation (2005). In 2006, the higher rates were applied (0, 300, 600 and 900 g•ha −1 ) based on the results observed in 2005. In both years, the molybdenum rates applied to the leaves were 0 (without) and 75 g•ha −1 . The sources of the elements used were CaCl 2 for calcium and Na 2 MoO 4 •2H 2 O for molybdenum. The spraying was performed with a backpack sprayer (20 L, piston type pump, even flat-fan nozzle 110.01, flow 100 L•ha −1 ). At the end of the crop cycle, 89 days in 2005 and 91 days in 2006, ten random plants were collected from each plot to assess production components: the number of pods per plant, the number of seeds per plant and the 100-weight of seeds. To determine the crop yield, the remainder of the plants was harvested, dried, manually threshed and the seeds obtained were weighed. The moisture content was determined and the weight was corrected by 13% (wet basis). The relative yield was calculated by dividing the yield of each treatment by the yield of the treatment without nutrient applications.
The seed physiological potential was assessed using a variety of methods. The seed moisture content was determined using two samples (5 g each) per treatment; each was weighed and dried in oven at 105˚C ± 3˚C for 24 h. Later, the sample dry weights were measured and the initial moisture content of each sample calculated [17] . Germination was determined using four replications of 50 seeds per treatment, sown on rolls of blotter paper. The amount of water that was used corresponded to 2.5 times the substrate weight. The samples were placed in an incubator at 25˚C ± 1˚C. The first germination count of normal seedlings occurred five days and the second count seven days after sowing [17] . After the first and second germination count, germination speed index was calculated ( number of normal seedlings number of normal seedlings SGI days to first count days to final count = + +  ) [18] . Accelerated ageing was determined using four replications of 50 seeds per treatment, distributed in a uniform layer on screens inside plastic boxes containing 40 mL of deionized water at the bottom. The boxes were covered and maintained in an incubator at 42˚C ± 1˚C for 72 h [19] . Afterward, the seeds were submitted to a germination test, and the normal seedlings were registered after five days.
For the statistical analysis, SISVAR® software was used. The data were analyzed using the F test in factorial scheme, and when F values were significant, they were further compared using the Tukey test (5%) for the molybdenum application. Finally, a regression analysis was used to determine the calcium rates. In the first year, foliar application of calcium and molybdenum did not significantly affect the following parameters or their interactions: number of pods/plant, number of seeds/plant, 100-weight of seeds or yield ( Table  1) . Nevertheless, a linear tendency was noted in the higher calcium rates, promoting an increased yield on the common bean plant, observed on 600 g•ha −1 . This increased yield was 4% higher when compared to the test treatment, where no rate was applied.
Results and Discussion
After considering the calcium rates from 2005, it was determined that the rates used were not enough to adjust an equation to identify the ideal calcium rate and, therefore, we increase the rates for 2006. However, the second year of results did not provide enough information to adjust the equation to describe the common bean behavior with regard to calcium rates ( Table 2) .
These results may be explained by the fact that calcium is a nutrient with low mobility in plants and foliar applications may be beneficial for correcting local deficiencies [5] . However, calcium is an element that acts as a co-factor for some proteins, aiding in signaling and the regulation of certain reactions in plants. When plants grow in unstable environments, calcium is very important because it plays a role in gene expression, improving certain cellular reactions [20] . In this study, the foliar application of calcium was expected to result in an improvement in agronomic characteristics and yield, but this was not observed.
Studies show that the foliar application of calcium is not always effective. The results obtained from this study agree with Rosolem [21] , who did not detect differences in the common bean plant with regard to foliar application at the beginning bloom stage for different calcium sources and rates and in terms of yield and production components. Silva [9] did not achieve an answer to the foliar application of calcium, with and without boron when the production components and yield were assessed on the common bean plant. However, it has been observed that soybean plants are responsive to foliar applications of calcium, mainly when the application is combined with other nutrients. Bevilaqua [6] noted that there was an increase in seed weight per plant when soybeans were sprayed with calcium and boron at the full bloom stage. Souza [22] also observed higher yields when soybean plants were treated with one application of calcium and boron.
The foliar application of molybdenum did not affect yield or agronomic characteristics. When plants are cultivated with inadequate levels of this nutrient, levels of amino acids, sugars, organic acids, and purine metabolites are altered [23] . In this study, the soil molybdenum content or seed molybdenum content were enough to maintain the plants metabolism and therefore did not affect the results. For the foliar application of molybdenum, studies have shown divergences, sometimes favorable, other times not so. Barbosa [24] studied the effects of the application of molybdenum and nitrogen on the common bean and determined that after excluding the effect of nitrogen, molybdenum did not increase the yield or production components. In contrast, Nascimento [25] found that the foliar application of molybdenum interacted with low rates of nitrogen to improve yield, but when the N rates were increased, this effect disappeared. Additionally, Ascoli [26] observed an increase in seed production when common bean plants were treated with a foliar application of molybdenum. In general, the foliar application of calcium, with or without molybdenum, does not increase the production components or yield of the common bean.
With regard to the seed physiological potential, differences in the foliar application of calcium and molybdenum were not observed on the germination and vigor during the 2005 study year (Table 3) . However, different rates of calcium did result in differences in the first germination count and the speed germination index ( Table 4 Some studies have demonstrated an improvement in seed physiological potential after the foliar application of calcium because, in addition to its other functions, this element is responsible for the formation of calcium pectate, which is present in plant cell walls [5] . For this reason, plants that are sprayed at an appropriate stage with ideal rates of calcium may have a more structured membrane system, reducing the leaching of ions, which results in seeds with more vigor [7] . Rosolem [21] also observed an improvement in germination speed as a function of the rate of calcium applied to the common bean plant, agreeing with the present study. Foliar application of molybdenum did not improve seed physiological potential because the amount of this nutrient which is necessary to physiological process is not so much and probably the molybdenum content already in the seed was enough. This is in agreement with studies performed by Bassan [27] which also found no alteration of seed physiological potential after the foliar application of molybdenum to common bean plants.
Conclusion
The foliar calcium application, with or without molybdenum, did not improve yield. Foliar application of calcium alone improved seed physiological potential in common bean plants when applied at the full bloom stage.
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